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A system and method of measuring the linear 
and nonlinear response of an unknown acoustic 
termination uses a small probe assembly 
containing a sound source and microphone to 
determine the reflection function of the unknown 
acoustic termination. The probe assembly is used 
with a calibration tube to calculate an electrical 
signal that will provide a desired acoustic 
stimulus signal to the acoustic termination. The 
calibration tube is also used to characterize the 
signal processing properties of the sound source 
and microphone, as well as other associated 
signal processing circuits such as amplifiers, 
filters, and the like. The calibrated system is 
subsequently coupled to the unknown acoustic 
termination to deliver the acoustic stimulus 
signal. The reflection function is indicative of the 
power transferred to the unknown acoustic 
termination. The measurement of the linear 
transfer characteristic is applicable to any 
unknown acoustic termination such as a musical 
instrument or the auditory system. The probe 
assembly is sized to be positioned directly within 
the outer portion of the ear and measure the 
linear characteristics of the ear. The system is 
further able to measure the nonlinear transfer 
characteristics of the ear by measuring the linear 
response at multiple levels of the acoustic 
stimulus. The system is particularly useful in 
testing the response of the middle ear and inner 
ear of humans or other animals. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



In System Which Uses it in Auditory Meatus, Middle Ear, and Lug that Has Internal Ear, and Measures Linearity 
Response of Said Middle Ear 1. This System Probe assembly which can be arranged to said auditory meatus The 
sound source which is in the interior of said probe assembly, and generates a sound stimulus to said auditory meatus 
according to an electric input signal, The acoustic-energy detector changed into the electncal signal which it is 
[ electrical signal ] in the interior of said probe assembly, and the acoustic-energy signal was detected [ electncal 
signal ] and had said detected acoustic-energy signal detected, The sound calibration waveguide with which it was 
the sound calibration waveguide which has known sound transfer characteristics, and this sound calibration 
waveguide has a predetermined dimension, it has the 1st and 2nd edges, said 1st edge was opened, and said 2nd edge 
was closed, It is the stimulus signal generator which is combined with said sound source and generates said electric 
input signal Said stimulus generator When said probe assembly has been arranged at the 1st time of day at said sound 
calibration waveguide The result which has the persistence time as which the 1st electrical-and-electnc-eqmpment 
input signal was generated, and said 1st electrical-and-electric-equipment input signal was chosen, Said sound stimuli 
are the sound field of the short persistence time, and it has the persistence time shorter than a travelling period 
required for said sound stimulus to advance at said closed edge of said sound calibration waveguide from said sound 
source It reflects from said closed edge and the 1st electric input signal which has the persistence time chosen so that 
it might become return and the short sound field of the persistence time to said acoustic-energy detector is generated. 
Said stimulus generator The stimulus signal generator which generates the 2nd electrical-and-electric-equipment input 
signal when said probe assembly has been arranged at the 2nd time of day at said auditory meatus, The 1st detection 
electrical signal at said 1st time of day, from said acoustic-energy detector It is the signal processor which receives 
the 2nd detection electrical signal at said 2nd time of day from said acoustic-energy detector. This signal processor 
processes said 1st detection electrical signal, and determines said sound source and system-of-measurement transfer 
characteristics of said acoustic-energy detector. Said signal processor is a system characterized by having the signal 
processor which processes said 2nd detection electrical signal and determines the transfer characteristics of said 
middle ear based on said system-of-measurement transfer characteristics. 

In System Which Uses it in Auditory Meatus, Middle Ear, and Lug that Has Internal Ear, and Measures Nonlinear 
Response of Said Internal Ear 2. This System The probe assembly which can be arranged to said auditory meatus, and 
the sound source which is in the interior of said probe assembly, and generates a sound stimulus to the lateral part oi 
said auditory meatus according to an electric input signal, The acoustic-energy detector changed into the electrical 
signal which it is [ electrical signal ] in the interior of said probe assembly, and the acoustic-energy signal was 
detected [ electrical signal ], and had said detected acoustic-energy signal detected is included. In the system of 
known [ transfer characteristics / said probe assembly, a sound source, and / of an acoustic-energy detector / sound J 
this system The stimulus signal generator which is combined with said sound source, generates the 1st electncal-and- 
electric-equipment input signal which has the 1st stimulus level at the 1st time of day, and generates the 2nd 
electrical-and-electric-equipment input signal which has the 2nd stimulus level which is different from said 1st 
stimulus level at the 2nd time of day, It is the signal processor which receives the 2nd detection electncal signal lor 
the 1st detection electrical signal at said 2nd time of day in said 1st time of day, and this signal processor is said 1st 
detection electrical signal. . . , 

It is the signal processor which processes, determines the 1st linearity transfer characteristics of said middle ear, and 
said 2nd detection electrical signal is processed, the 2nd linearity transfer characteristics of said middle ear are 
determined, and said signal processor processes further said 1st and 2nd linearity transfer charactenstics, and opts for 
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the nonlinear response of said internal ear based on said 1st and 2nd linearity transfer characteristics. System 
characterized by having. 

3. It is the system characterized by equipping said 1st and 2nd linearity transfer characteristics with the reflection 
factor measurement in said 1st and 2nd time of day of each in a system according to claim 2. 

4. It is the system characterized by what it opts for by calculating the difference of Hazama of said reflection factor 
measurement [ in / on a system according to claim 3 and / in said nonlinear response / said 1st and 2nd time of day ]. 

5. Said signal processor is a system characterized by determining said 1st and 2nd linearity transfer characteristics of 
said middle ear as a function of said static pressure, including further the pump which combines with said probe 
assembly and controls the static pressure inside said auditory meatus in a system according to claim 2. 

6. System characterized by said signal processor opting for said nonlinear response as function of said static pressure, 
including further pump which combines with said probe assembly and controls static pressure inside said sound 
calibration waveguide in system according to claim 2. 

In System Which Uses it in Auditory Meatus, Middle Ear, and Lug that Has Internal Ear, and Measures Linearity 
Response of Said Middle Ear 7. This System Probe assembly which can be arranged to said auditory meatus The 
sound source which is in the interior of said probe assembly, and generates a sound stimulus to said auditory meatus 
according to an electric input signal, The acoustic-energy detector changed into the electrical signal which it is 
[ electrical signal ] in the interior of said probe assembly, and the acoustic-energy signal was detected [ electrical 
signal ], and had said detected acoustic-energy signal detected, The sound calibration waveguide with which it was 
the sound calibration waveguide which has known sound transfer characteristics, and this sound calibration 
waveguide has a predetermined dimension, it has the 1st and 2nd edges, said 1st edge was opened, and said 2nd edge 
was closed, It is the stimulus signal generator which is combined with said sound source and generates said electric 
input signal. Said stimulus generator 
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19 ^?v>^^M<duration)^^^^^^^s#^<7>-g^|(short 

duration sound field) £%$> 0 ^ / Dtvt H&tfi I. fcm&la -t £ $ 
(leak-proof seal)£tt$T& i: IKittvi * V- 9 \X ! m,%\Tr%^r i k^^t h 
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(19) 1 0 - 5 0 4 2 0 ! 

1 1 m 2 <nnn m t m& a £ -i * * Eit-t «i & i- w *u u & tr 

gij oo ^ & M K. H ^ X , * -> 7, r A f* a^Q <^ t # feit#1£ £ AS x. & f- m ^2 
tS-ffl'^T, ^Je^f-ffifcgCpressure response) f&ffi 

#«^<7) H SS^»3SltL.-C5Hn:t#J. * n,- ^ - lc {S g @ t $ ^ & ^ £ * T 4b 

<0 ^1- §-f| T & o ft # r D -t -v +»- am fgift £ U E[l jfjp $ *{. B# , 



Vittr-v //iinmir/l iwrll ni^i' ' 1— /±1 -l I JIOX fAAAA — ^ 1 O X TA A r\r\ : / r O.X TA A r\ 1 /XTO A TYTTPA fr» /__ . O /1 ,4 iOAA/C 
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(20) 1 0 ~ 5 (» 4 2 0 1 

, -flf-T'D-t y*tli&M<( y.>*)\> x.Rc^Cinfinite impulse response; I J R) 

% 1 3rg<7>£l*.ifcge^ti: 'iSS? -<r jv * (idealized filterV^M^ 

^JU*££fcffiifc<OtWJ£^-?'= 7 s >(decorwolution)fl.^g§ 

<n i v>< )V X £,'&<d iSia £ 4 sfc t 4b «ft*J £ StS? T £ 0 

& £ jum* iisEi- * o * ■> * r a k m i * lift i'^ t 

Xtf^zmiB &g t T ft 5 eo # *• & je1" £ o 

HI l a. *H(8<*>v- Af^ifb/n ? * la -cab 4b o 

1^ 3 Ji , m 1 <0v x r A ffgf* |ij itkl^ It ^ ^(stimulus design procedure 

|4ii, 01 ©yXfA«/D-y • T-fey/V^r ^7- yCThevenin)^f 

in 5 Ji. 01 «vxf-A^ftST-o^iE^)i^)-5ititll^«>o 
@6iis Hi 6r.)v-7vf'A-c^s-*-<>^i]5c#JR^a£H0'C^^o 

HI 7 Ji. 01©->xf A tfSf* ft^IijSef ii<7>»ia~e& &« 
m 8 14 , O 1 O v a r A S T « f$ DO (ft U # ft t BEH t (time-st retchi ng 
and oowpression^sioaEitH-c^^,, 

*3£f^ a n i&^<o&& ep t)Q u # l & ^ -n & -c 5 <r> * ifl £ l , *r b§ js 
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(21) ftm* 1 0 - 5 0 4 2 0 1 

, mllZntmB^mUKfc (auditory brain-evoked potential response;]^ 

.x^ r > 3 >iHI5e (otoacoustic emission measurement : 0 A E) t (fti&.fr'k 
*tftSU:*&U, di.t/feii^^WE^^^^rttiit^^^i-^^l-^o OA 
ElilSeJift^ U mt -o 1S |R 1- if & f;^WS ~ c& £ 0 g 0 A E $j 5eI» 
imn£fzit*n<ni)i%K.&®t&zttf&&1) t , OA E Ji^^S^ 2 

gtfrili&T&o OAE, ABRlf:(jJ>fA| (distortion product : d P ) 14 
5e, I ^fit (auditory neural pathway)*- £ <© HH 1' $1*eT 

m? -o s f> a-^ts £ <> 

< 0 AE I fcliEO A E£i»5eLT^<b<> 1&£&#/^$)5eM:, 4>2?fcJ:tfft3^ 

3e co £ U £ * & & * ffl ^ * E 0 A E $] 5e£fK <?> £ S ft * & A * it ift 

lection coefficient) y_ LT«Mi£-?\ & fc%MM$lt LTBSMIWrcfm 

4'JB^T£tt^£ff£-*-*o te#t4|S|^ (conductive impairments?*^ 
# (cochlear iirpairment)co:g 2 SfJjgOTBu^<0 -C\ 3*>#3K o 
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(22) 1 0 - 5 0 4 2 0 1 

1 2\i : s*T~J» 1 OtflSf -oylJi&ft-t 1 4* s^tf*-* 1 

2liH'J15t mm^ J *Z±&t*> 71 v * ^if/D-b -.v (digital sicn 
al processor ; DSP) 16 4^tr^JHS^S"C*«>o flSMS-t 1 4 cO|&ItM 

||(digital to analog converter : D A C ) 2 0 X"Tj- n 1 8 £ ft 

4b o 7tDWl 8<ix ft® <0 K lift®*®* m^'&%<» V ~ 

• 7<f JW? 2 7-f ^ ^1"-6o D-;t* • 7 2 2<oaSTj£\ X 

3&*^F co£?& *5 J: tflE&^.fcSr* * * u ttffl ? ft * o 

Jifcvs ^tfi««€^3 4 T->^^^*Ca11as1ng effects)* 

u - ,»\' 7s > 7 a 6 -C-7 ? £ ft, 7to^-f v * JVSE&S 4 0 

'tr^ v * >MS^3 S «&£ft&o 7*-* v 3 8 li> ^ > tfa-^ 1 2 

*3 J: tfD S P 1 6<ov7 h>>x7UJ: ! 9 SMfr 2 ft t\ fiJi&fl^<ot/±!&^l'& 
S-T-oo -> xf a 1 0 5iv i * d * y 3 0 <7>f-!£j££U&^T3*>aS&Bi3 

K7^/v'2 4i:^On*l'30l*^^'()@2 Uia*Lfc7"D~7' • T-fc> 
/n0CtHU-> o * •> * r A ^f^&T-^M^&flJ £ J5 it * K 7^'^2 4 
li, *F^t5'^X- fa T )W -v - x • y 7 T > h ♦ 7*D - 7* • Kv 
(Otodynarnics dual-source infant probe dr1ver)-c&;b 0 %%Q<tf%fc$X<J> 
W56*.J*0lUi$»t*^'< ^ n*> 3 (Hi. * J* ^ -f *• 5; ? ? 7. • 7a7*v-x 

httrv//www4 mHl nrini an in/tirnntpntHh™ inH17Mnnnft=?1*>jndnn=dniao ( »./m«rTSlO/lft1s=/Kr<!APITK4P/«, 1/14/900* 
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(23) ^¥ 1 0 - 5 0 4 2 0 1 

driver) * d*>-C&& 0 h'yj ;<2 4 tufty 3 0 tt'h 

gc0 7 U ^ -v' T^ - 2 I - *© 7 k 4 -> 7* A/ -fa-/5 2 

a-f|-tm*l-^/hl®U#x->ATi, 1 OiOg^Jlt^JtCsignaVto-noise ratio 
:SNR) ***U-t&£i&1S*tttfcS^© Lj^U ->Xf A10fl ? K7f ,J 2 
4 N ^^yD^^JO, 7^)^ 2 2, 2 6 ^ 7 v 7*,'U - if- a - 7* 5 2 
*f£ji#1&*fc5£'t > y V% : s-f)\> • fa-/5 2 iESe * * ^ limit 
Ji£ 7 •> 7" )V- • f ^ - 7 5 2 (i 7" d - 7 • 7 1 > ■/ V> 5 0 ftg£"C Kv-f 
4 9 3 0 £ Kv^a' . 7D-/54 tSXtf^j ? ufry > 7"D 

fro 

fj^-i-l-t^i-^^^^l-^^-r-oo ;i*eottffl^t;tt, vxf-A i oar 

•fc^T-'J^iilUl |5|/i»t«|jttfi#«'ifittiJ't*^5|j9 < **c ^^ii^iE^lliS' 

1 ofrEIEfC^*© >7fA l 0 « Z<n> X i 4«IE*W 
JHUtf*x.*J|i$!'5r«:iE^«fittl^LT^&o iHJ^UKj^'Ciis vTsf A 1 0 
li IF ^ ^ <0 f*- ^ * 12* L ^« t T i i i • ^ + ? ii <t CF ^ <o tfel U |» ^ h Iff $ 

A E % DP, A B R t£ffi$-?ffiJa*?£ & £ o *^^3¥<7>^fi&§*fflBiSr * % 

SII^C/d-t' • 7') 5 0£§Zt Ly^fA 1 0*ffl^KiH5&*ff4o 

iii^lD^or^-e^^. -'<2 4 »iSJ*^Mo*»(slx)rt-<lurat1on soun 

httn //www4 indl nrini on in/tirnntpntrlhen inHl?NOOOO=? 1 £>JOdOn=imnoe/gif£N04fl1 =/MS APTTlS/TP/w 3/14/7006 
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(24) I 0 - 5 0 4 2 0 1 

0>-g #4f f£ * iflJ SeT * <9 K ffl ^ 6 it & o t * * fcttfc LTfr < t £ JJP x. , 
nescent)* - K i: i if if *L iit^ih t&R#7 ^ * "> ~? ^ ' * * ~ ~? 5 2 

*• ft L i co T * 4 i)\ ^ <?> M it £ g«o ^ <*> & S> *9> & K £ S 
m^WJS^U * £ g&co ^I!j3& ? i2*> h ft & o ^ I if. K 7^'<2 4 coS£&G& 

&n K7>f .'CtutiL^ k v A^jg^t^ til<of|! f y f - y ^ a (a 

£v*r i^iSfflt^ffecO K7^*2 4 Hlfe^-OG*:^ OC'&t'^ 
77* ? A|g;It^m^iJit)(-if-<?>4^^Wi $*i«o ">xf A 1 0 * ^ ^ ^ 
ff-e iiK7^A'2 4, 7-00^^3 0 7H->/JV , f , a-/52, 3$ <£ 

o *x-*y ham i<D&ft3^m^i~&^*w&w?m\fe-* 

(Auditory Brainstem Response ; ABK^i^EOAEv'Af A #<7>&i?: -> 7> 
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(?5> ft&H* 1 0 - 5 0 4 2 0 1 

mrt&'&WltK^o littfi^ii, v ^ f ^ TBI * "C~(0#^o K 

a'2 4 Dt^3 0 K-o^T* ^ X * A|£!tT-€> £ t tf ? "e§ % v X f 

oflfflt* JSitt L it £ t #t § * 0 

1 calibration tube) g O^f: ^ScjE^^-COijSe t lo'^X* a * A S&St L 
K?iJ^S#£It^T&<> #iEii<*>£3 »i:2 5- 3 5 0 t>f F)V (cm) 2> ? 

8jEff<0&3tf*gT-ii&^o KiE^ (calibration tube) 6 Oii/D- '/ • T* 
>/l> 5 0^ifAT^r^M6 2 t PlifeSS6 SfcMfaT&tiSe 4 Hif^o 

Aofi CCvn- k« . t - ^(harcM«lled)<^Hj§^<©^-c|af®««n^J r is9^ 7 l- 
4 > T* )l • >7 :t - (flexible walled)^ |f;ii3 <f ;H£<??RM ^ £ f§ JS °T h£ 

*>G8&fc LTcoMfl s '*b^oT& 1?, ^'l4^#.(viscotbennal effects)^*, 

o 

httn7/www4 inHI nrini or* in/tirnntpntrlhpn inrl1?Mnnnn=? 1 ^Nn^nn^irnagp/oif^/lSTOdni =/M<5 APTTN/TP/w 7/1 4/9006 
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1 0 - 5 0 4 2 0 1 



D — 7* ♦ 7tvy) 5 0 tfjaia^ftfciiftLT^fc'^o l^U vat A 1 0» s 
^f; 7' 1 0 4T-ii, ->^r A l OttD A C 2 0 (M 1 #fiS> ^&#&B*fflO 

a a, -I e , <o mm m a «j as-g je es^a* k ? ^ c 2 4 ^ % d a c -fi # j&& 



p », iJjiO 5 K^-f ^2 4»^£«ffiS«>AtttEte^< 1nd<terrt Pressure si 
9^1) p t AtJ UTH Wr&Jl T JV ^'JX^Mt^o £ < 

JW-^tfe^T^5a]<O^IS^ y.'^xi^ (finite impulse response: 
FIR) $ fcteSSfia-f > ^° ^ ^ (infinite impluse response ; t I R 

& h & , * w«BSTJi it m u o v> t sa^ t £ 

1 0 tt^Ji^fi^&JSTn/^'JXAfcJS^T K7^ '<2 4 U9rSeoAStf-BE 

2 4 cOa/7 t LTEflftD't'©*'^ Bt^coaS+^I?^ o » £ fcii'l^fc < £ if© 



n^i^ an Wtirrmt^ntHhpn i nHI 7X10000=? 1 #N0400=im3oe./oif#N0401 =/NS A PTTMP/w... 3/14/2006 
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(27) ft£¥ 1 0 - 5 0 4 2 0 1 

£ 7* 3 y jK a->3> (deconvolution)^ <? v £ f 5 ^ K y i £ tril'J Se 

^ . v^it-^v Kffi(Pa«"k-McClelland method) -cigft L£ F T RD-^a • y 
ii e s i iliJie^ f A 5 6 a> i V ■>< li <o&&&& (convolution) 

Ps = h*e t = h*d (1) 

£• It : 

p. = d = h * e i (2) 

(l) (2) frty n \z%& : 

Ps * e i = d * d (3) 

^•fi£#?S? (Singular Value Decomposition ; SVD) , ^^^i£S^ Con 3 u 9 ate G 
radient method ; C G \ ~ - JV • * -y h •? - ? ^ '7 - l ) QMiMZ «0 
ttKi4f 3 y^'v 1 ^- ->3 > (DECONV) £J3^T e< Co^Ti< CI <t 
£ & o lit £Mx- § & : 

e i = DECONV (d*d, p s ) (4) 

dac 2 o ^epsBT^-^a^f^-i-^ et frhM&m-i ^*x?fc^pi = 

d^{|6iiio ±SB<Ofll»*B#ffl^i&(time domain)-e«r)f3 y a- > a > £ 

Iitfn-/A»n»nv4 ir»Hl nrini err, m/tirrmtPntHho n mrU7tSTftnnn= , 7 1 ^KTOdOA-^ooo/rrif^rXm/ini =/KTC APTTA/TO/,,, 
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(28) %Sk* 1 0 - 5 0 4 2 0 1 

^xMity f - K«f5tCMU2 O^fCA)^; (kHz) tWE 1 ^ 
JS]l£&$e ! U 3t *) 2^ ^Sl s ?? * * * o £ ^ K > v X -f A 1 0 Ji fgffl 

\L-*ry 7. am A Ula^LTis «? , TO* :^>*r^ 5 6 tiryt-^ffitJP" £ 
>t - r^&Se S *iittf * *fcw£SM$»< ac0U5t1 * c termination)^ jflfe-ii- /•> x 

salt, jsio^fr^tro 

j^^e » <?>^ & 1- s# ra M *?<o ft f - eo # &<^-&.£ as k 
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(29) 1 0 - -5 0 4 2 0 1 

y 1 2 2 T-fiJffl ig-ii T'D - y-7t7 / >) 5 0 t 5te 5 8 fc^JEW 6 0 tf>|f§»SS 

* f - ? 7 1 2 4 -c-> xf A 1 0 iil^llitif e t <ii»£&& I^K)ltT-&f£ 
T-€>> ££j£Ulft£D AC 2 0 Uf£x.4 0 ->7fA 1 0 Ji&jEflE^Jfcg p c £ 

iiife#U£< LT^mi^fiXWt.E.t&^Pf # ? D A C 2 0 a--£>co-ff -tUftl".© 
Yy < .'-2 4 ooj5&^£tffc#?FT* J: 9 K U $£«6 0 00 Big 6 4 ^fj^ff 

4co§gaitr* f i?JtT*J:?U^^t^< LTJ3< 0 -oi «K v^fA 1 OiiA 
«t.«&&J3 itftf&LfcSatfc^l-filfe-f a* 7,r y r 1 2 6 tliv-xfA 1 Otf 

S <0 KIT <0 t£ §3 "C ii , ;*: § 4 @ & S# ft -c <r> % * litis t T n ^ i £ a* 
'/>-fi^{i fit & iSsK L ®* « 



Page 1 of 1 



(30) ft** 1 0 - 5 0 4 2 0 1 



(viscothemal process )<o 5^ &5fm£l^ IT fc#oo£ frBi& r c OSS. <H^-f £ 
*8£T* t V.X%m%.%^mtV^ X ^(fluctuation) 

i httrv//www4 inrll nrini on in/tirnntpntfhen inr11?N0000=?1 #N0400=imaoe/oif*N0401 =/IMS APTTMP/w VI 4/7006 
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(31) 4?*^ 1 0 - 5 0 4 2 0 1 

, y 7.-th, 1 0 ti:|ffmo*7 f ^^^P^l , ^^TliJ^-9-r->7.f-A 5 6 

P T - p = Z T u 

p = Z u (6) 

*>S<b£#S: 7 n - (volume flovv)^ z ii y n - y • 7^>/») rt^A $ ft 

(l-R T ) 

5 0 ^llAti t (£>e Lfc$i£\ O d * y 3 o T-.f&tU £ *i£ M-ft-tJi K 7 

fri-\> f //^ 'J/F l te, s?|J0^t<2L/ct^*J:? fcBtrafcwTO 
^£&«-t:c?co£ l*?l$MWRi*£L f/^^")/)-2 ttB^J 2L/c^t 
<4 L/c k~^^X<D&mtoHttU(/)%2<Di%ffifflmZ-%.frt<> "Oi i)f/ + 
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(32> 1 0 - 5 0 4 2 0 1 

^♦{5-^} = 2/^ = 2^ (S) 



>2 



x^x%2</mMmmvmh&f^&it$>^!±& (9) t (io) eosq^ui 

k & «><> 

(8) £fc^**o iil^2ocO^^£ffl^&£M~IE<g& 

Kn?\ K IE & \% t m C M i&ft ^ £ ffl * Si «0 ^<?> t «.£ & * $) vtf «r:dU 
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(33) 1 0 - 5 0 4 2 0 ! 

&.Ai<Dmmi±^ ^od*^3 cs«je^6 o coiMs^co^ i <D%&m-w 
#t £.itft#co#!^w&£ft^&^ / 

6 1484-SSv 19 8 1 £ ("Computer-Generated Pulse Signal Appl 

led for Sound Measurements", by Nobuharu Aoshima. Journal of the Acousti 
cal Society of America, 69 1484-S8, 1981)kS£#* ftT^«M£#r"C»*, + * 
- •/(chirp)^.^f m-t LTffl^T£*K f- * - t fz (time-s 

* •> 7s r a « ,i <*> a* ii n & 0g • a > t ^ x ft -5- £ ffl » a it -i ^ & it -fi ^ n 

X i Uf*, i it ti ■> 7. -r A 1 0 "C'J&Wi S*l<&ft#&JI*fiS% 

it ti'^-H^ /ft # ii , %i£m y ->< )l 7, <Mh-'< P 7. -f # ) U Jt ^ * 

httrW/wwrn/A irvHI vj^ir^i iw> /f J ^ tz-lk^*-* 19 AT A A AH— 1 1 P. XT A /i aa : /„: ro.xin /• r\ 1 /xto a niTi f n / 
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(34) ftSk* 1 0 - 5 0 4 2 0 1 

=t x - 7%Jll t± ~f * - ~f U B# ffl fr3 U W ft I ti & 7, -c & & £ W ? 4 * M 
Si:S^T^<> e oil), FIR, ITR, t /cJim^l -? £*-colS<*>Ig 

/-fl ^ Ji it £go£;1jI (all-pass) 7 .> )i, $ %&Wl^M<0%\^ ^)\>- £> C 

-f * ? <?> fg i1« li SQ -C A £ <*> ^ T I- £ ^ « 

^ /•>AfA5 6<^Kii#l££g<iEf 6 0 4 /Si^-ftii^&f ^MSS 

#££&T*o ^7";/2 0 4 T Ji % > x x A tfm&A^-f Kit LT£;iii7 
> 0 x -f -y /2 0 8-eii, v- x r a li M¥ ft t S^-fi * Si i£ t £ o 



httn //www4 indl nr.ini cm in/tirnntentHhen inH17N0n00=? 1 ^Nn4nO=imoo^/oif^TM04ni =/M<? APTTlMP/w 7/14/9nn£ 
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(35) 1 0 - 5 0 4 2 0 ! 

t«o Afr/2H Xii, v at Al Ofi I cfi^fcT^K&W L ^ 
* ^Sn^ST -o o v x r A li 7\ r -y :/ 2 1 6 W W# K i: &7 

K-7 -f/?2 4 ^ fl9 1:# 1 1. MJI^fif ^ t ^ 0 iffil^fif 3 4 Jig 

D AC 20i ADC 4 OcO^T^ • I'— h <7>'?\ -g?JS»-6 

K ft ^ f £ & * ft g ^ t KtiSfcEll-fco L^Liw ^igtf 
WfatQK , v "s f i-N 1 0 iiiJfe^ t*v xf A 5 6 (® 1 #63) co#m^ 

* w * « b t £ * * < a %m$> t %Mmz<r>n.m * jess k. % & <, t-d- 
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(35) 1 0 - 5 0 4 2 0 1 

P Z 

-7 = JT (12) 

p~ Z + Z T 

2p*{5-r*r T }=P T *{6-r T }*{S + r} (13) 

& t . f^^'Ja- -> s > "Cltg L p T i3 J: r T SrftA U 7 r 3 y # >) 

a->3^4'ffi^X^-<0*^rKwT^ (13) *fi? < £ i &o t 

->3n'?iM^i^7- & k *> . - IS ^tefc *i iti£&^ 

•>7fA 1 O-eS'/U^^ca'/^^it (8) l-ffl'^TS (1 3) ^i^t 
{«-!■« = (6 + r) (14) 

<t •? p'l'l&^t&o ^ (14) tt£5t*#<b J: o ui^x.<5^ : 

(I 1) tfioTi^ (15) r T £[!£3rT£vI fct'**o 

s = r*q (16) 

J-^'tf'tP-tf} (17) 

httnV/www4 indl nr.ini po in/rtr.onte.ntHhe.n inHPNO000=? 1 #NO4OO=imap<»/0i f#N0401 =/NfS APTTMP/w VI 4/9006 
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(37) ^S^Fl 0-5 04 20 ! 

q = s+p*p c 2 »8) 

r = DEC0NV (q t s) (19) 

a^^ia^ttffiti^ ^M^-t-lt**^"*- ^ (8) 

(l l) c-3^T2 hk^s y^>) a--> 3 yfcffl'^a J: «)3a&<*>c&fflfci3 | /*T 

**£KlBgcc£>£ 0 ^-I'i^CHLT^ (16) -5t (1 8) <*>#.1&TS M 
r(f) = s(f)/q(f) (20) 
./V = r c (f)pUf){p(f)-pl(f)J < 21 > 

4(f)*-*(f>+P(f)P2(f) i22) 

IttiSii (r = 2L/c) t *Mfi1$JA* U^4, i ^ r T r c = 0 



A = <x— (24) 



a-J£+<7-J£ (25) 



Uffn. I l,, r -.,^.,t A ^ H ,-11 . — W. ± 4- A 1 ^JIOXIAAAA >~\ 1 O X 7 /~\ /I r\ r\ ■ . ^ I ^ \ C DATA yi A1 /XTO A nTT<li rn / 1 ;i >l ^AAZ" 
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OS) -ft** 
3- (26) 



^ 1 0 - 5 0 4 2 0 ! 




(27) 



T\ 7] ii&%<nf *M&,$( shear viscosity), K ti£ftcr>&Mxj*$ (thermal cond 
uctivity), C* 7 »iJt*?WJt-Ci>6o ^2S"CliS^ 

f$ti (cHscrete-time)-fl-^feJl^ffl ^ h <n^, il&l$M EatM&ttft**>fi* & 

M&U^JftT^^^^o DAC20tADC40^^/)V - I— ^ 4 0 

o 

©£1^6 O^^ft^^MJiftMii^r t AcO^USJgSrStli-^-C. 5$ (2 
n^i^v^fA 1 Otftif^o f^f^r'Si^ (2 3) Zm^Xttft 

OfcT-***"*-*© * ft flMifl^T* ft-^ q tt»S£B#M 2 L/ c 

[d] eo#>3gnrca>&o 

2 . sin fi'llS'T*^ & 1 «Oftfif>T<& > K *a s T n -I- Dl *<T$fe 
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(39) 1 0 - 5 0 4 2 0 1 
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